INTRODUCTION
Most yeasts (with the notable exception of Saccharomyces cerevisiae) are able to use lysine as sole nitrogen source for growth [1] . Three reactions for the initiation of lysine breakdown have been described in yeasts [2] , one involving transarnination of lysine at the 6-amino group with either 2-oxoglutarate [3] or pyruvate [4] as amino acceptor; one involving lysine 6-dehydrogenase [2] ; and a route ( Fig. 1) involving the acetylation of lysine at the 6-amino group followed by transamination of the N6-acetyllysine [5] . The next stages are oxidative decarboxylation of 2-oxo-6-acetamidohexanoate to 5-acetamidovalerate, deacetylation of the latter to 5-aminovalerate and transamination of this to glutarate semialdehyde, thereby removing the second amino group. Evidence for the occurrence of one or more of the enzymes of this route has been obtained in Williopsis (Hansenula) saturnus [6] , Yarrowia lipolytica [7] and Candida maltosa [8] , as well as in the filamentous fungus Rhizoctonia leguminicola [9] .
In this paper we have screened various yeast species for key enzymes of the transamination and acetylation/transamination routes and present evidence for the occurrence of several enzymes of the N6-acetyllysine pathway ( Fig. 1 ) in Candida tropicalis.
MATERIALS AND METHODS

Materials
N6-Acetyllysine was obtained from Sigma; other materials from the sources described in [101.
Organisms and growth conditions
Candida tropicalis ATCC 20366, C. utilis CBS 621, C. famata CBS 8109, C. boidinii CBS 5777 and Rhodotorula glutinis NCYC 61 were maintained on 0.5% glucose, 2% malt extract, 0.5% yeast extract and 2% agar (all w/v). Cultures were grown in liquid medium containing 55 mM glucose as carbon source and either 5 mM lysine or 37 mM ammonium sulphate as nitrogen source.
The concentrations of minerals and vitamins used were those of Bruinenberg et al. [11] . Cultures were grown in shake flasks at 30°C and harvested as described previously [12] .
Preparation of cell-free extracts
These were prepared in a French pressure cell [121.
Enzyme assays
L-Lysine N%acetyltransferase activity was assayed as described by Schmidt et al. [8] , but at 25 °C and pH 8.5. Aminotransferase activities for L-lysine, N6-acetyllysine, 4-aminobutyrate, 5-aminovalerate and L-norleucine (L-2-aminohexanoate) were measured using the method described in [13] . L-Lysine oxidase was assayed as described [12] for methylamine oxidase, but using L-lysine as substrate.
Heat inactiuation experiments.
A crude extract of lysine-grown C. tropicalis in 20 mM potassium phosphate buffer, pH 7.0 containing also 10 /xM 2-oxoglutarate and 10 #M pyridoxal-5-phosphate (3.5 mg protein ml-~) was prepared. To half of the extract were added 2-oxoglutarate and pyridoxal 5-phosphate to final concentrations, respectively, of 1 mM and 0.11 mM. Each aliquot was then heated to 45 °C and samples removed at intervals over 10 min, cooled in ice and assayed for aminotransferase activity with each of the amino acids.
Analytical methods
Acetate was determined with a Boehringer acetic acid food analysis kit (Cat. 148261) and protein by the method of Bradford [14] .
RESULTS
Screening of yeasts for key enzymes of lysine degradation
Five yeast species were examined for the presence of key enzymes of the transamination and acetylation pathways (Table 1) . No significant transaminase activity betwen lysine and 2-oxoglutarate was detected in any of the organisms. Lysine can be degraded by a lysine N2-oxidase in the filamentous fungus Trichoderma ~'iride [15] . Although lysine is known to be a substrate for certain yeast amine oxidases [16, 17] , the enzymes attack lysine at the 6-amino group [17] . No lysine oxidase activity was detected in any of the five yeasts.
Lysine N6-acetyltransferase activity [8] was present at significant levels in only one of the species examined, C. tropicalis, as previously observed by us [5] . The activity of this enzyme (Fig.  1, enzyme 1 ) was comparable to that observed in C. maltosa by Schmidt et al. [8] .
N6-Acetyllysine aminotransferase activity (Fig.  1, enzyme 2) was found in significant amounts in only two species, C. boidinii and C. tropicalis. C. tropicalis also contained high activity of 5-aminovalerate aminotransferase (Fig. 1, enzyme 5 ) and therefore was investigated further. All the enzymes were absent or much reduced in cells grown in medium in which ammonium ions were the nitrogen source (Table 1) .
How many aminotransferases are there in Candida tropicalis?
The effect of heating to 45 °C on the aminotransferase activity of crude extracts of lysinegrown C. tropicalis is shown in Fig. 2 . The data suggest the presence of two aminotransferases, one more heat labile and specific for N6-acetyllysine, the other less labile, and active with both 5-aminovalerate and 4-aminobutyrate. Relatively high concentrations of 2-oxoglutarate were necessary to protect these aminotransferases against heat inactivation (compare [18] ). In a separate experiment (data not shown), the rate of heat inactivation at 45 °C of L-norleucine aminotransferase activity was found to be the same as that of N6-acetyllysine aminotransferase. Attempts to separate the four aminotransferase activities on a column of DEAE-Sepharose CL-6B were unsuccessful.
RemoL'al of the acetyl group
It is clear from Fig. 1 that before the 6-amino group of lysine can be removed, one of the pre- cursors of 5-aminobutyrate must be deacetylated. In order to confirm this, the formation of glutamate and acetate from various possible intermediates was examined (Fig. 3) . Although 4-acetamidobutyrate and 5-acetamidovalerate could give rise to acetate efficiently, N6-acetyllysine only formed significant amounts of acetate in the presence of 2-oxoglutarate, pyridoxal phosphate, NAD + and thiamine pyrophosphate [9] (Fig. 3a) . The addition of the last three cofactors also produced a significant stimulation in the formation of glutamate from N6-acetyllysine and 2-oxoglutarate (Fig. 3b) .
DISCUSSION
We conclude from our results that the degradation of lysine in C. tropicalis involves the pathway shown in Fig. 1 . Der Garabedian and Vermeersch [18] separated three aminotransferases from C. guillierrnondii grown on lysine, one specific for 4-aminobutyrate, one for 5-aminovalerate and one for norleucine/leucine. This led them to propose a number of hypothetical pathways for lysine degradation via norleucine, 4-aminobutyrate and proline. In view of the fact that N6-acetyllysine is a good substrate for the norleucine/leucine aminotransferase of C. guilliermondii [19] and that the enzyme is induced by growth on lysine [18] , we suggest that the physiological substrate of the norleucine/leucine aminotransferase which these authors described is actually N~'-acetyllysine. This proposal is supported by our observation that the rate of heat inactivation at 45 °C of N~-acetyllysine aminotransferase activity in C.
tropicalis is identical with the inactivation rate for L-norleucine aminotransferase activity. On the basis of the results reported here, we cannot exclude the possibility of two separate aminotransferases for 4-aminobutyrate and 5-aminovalerate (or for N6-acetyllysine and nnorleucine) in C. tropicalis, since the aminotransferases have been only partially purified, and the presence in the preparation of a third or fourth aminotransferase cannot be ruled out.
